Introduction {#sec1-1}
============

Forensic odontology, as a science, did not appear before 1897 when Dr. Oscar Amoedo, the father of forensic odontology, wrote his doctoral thesis entitled "L\' Art Dentaire en MedecineLegale" describing the utility of dentistry in forensic medicine with particular emphasis on identification. Keiser-Neilson in 1970 defined forensic odontology, or forensic dentistry, as "that branch of forensic medicine which in the interest of justice deals with the proper handling and examination of dental evidence and with the proper evaluation and presentation of the dental findings."\[[@ref1]\]

The three hard tissues of the tooth, i.e., the enamel, dentin and cementum, undergo structural changes throughout life. Environmental effects and aging are the factors primarily responsible for these changes.\[[@ref2][@ref3]\] Of these three tissues, the dental cementum is a vital tissue which demonstrates continuous apposition throughout the life and is not equally distributed on the root surface. The thickness of cementum is greater on the apical areas while thinner near the cementoenamel junction (CEJ). The cementum appears to be independent of both the pulp and dentine for its nutritional requirements. A pulp less tooth still presents vital cementum as the nutritional supply to it is chiefly derived from periodontal ligament.\[[@ref4][@ref5][@ref6][@ref7][@ref8][@ref9]\] Deposition of cementum on a healthy tooth continues throughout life. This deposit is greater in the apical area than that of CEJ.\[[@ref10]\]

Hence the present study is based on the apposition of cementum at two ends of the root, i.e. one at the CEJ or coronal end, and the other at root tip or apical end. At the ends specified above, the coronal displacement and the thickness of the cementum are measured and correlated with age. The present study was done in comparison with erupted and impacted third molars.

Materials and Methods {#sec1-2}
=====================

A hundred and thirty mandibular third molars from patients ages 17-55 years old were extracted with care to minimize damage. After extraction, they were fixed in 10% formalin and were grouped into 4 groups according to age range: Group A included ages 17 to 25 years old, Group B included ages 26 to 35 years, Group C included ages 36 to 45 years, and Group D included ages 46 to 55 years. Later the extracted teeth were examined under the stereomicroscope, so as to select the appropriate ones for the study of CEJ.

Exclusion criteria {#sec2-1}
------------------

Teeth that were restored, subjected to endodontic treatment, grossly decayed, damaged during extraction, or with root resorption were excluded.

After examination under a stereomicroscope, a total of 100 teeth, 50 impacted teeth and 50 erupted teeth, were selected. Group A included 16 impacted and 9 erupted teeth, Group B included 19 impacted and 6 erupted teeth, Group C included 8 impacted and 17 erupted teeth, and Group D included 7 impacted and 18 erupted teeth. The selected teeth were sectioned longitudinally in a buccolingual aspect to a thickness of 8-12 μm using a mounted lathe wheel and Arkansas stone. After that these sections were cleared, mounted, and examined under a light microscope using the micrometer eyepiece for measuring the overlap or coronal migration of the cementum at the CEJ and the thickness of the cementum at the apical third of the root.

The overlap or coronal migration of the cementum at the CEJ was measured from the edge of the cementum to the edge of enamel at the CEJ on both sides of the tooth section and the average value of it was taken as final reading. Positive scores were given for the cementum overlapping enamel \[[Figure 1](#F1){ref-type="fig"}\], zero scores were given if the enamel and cementum were edge to edge \[[Figure 2](#F2){ref-type="fig"}\], and negative scores were given if the cementum and enamel did not meet each other \[[Figure 3](#F3){ref-type="fig"}\].

![Overlapping type of CEJ](JFDS-8-175b-g001){#F1}

![Edge-to-edge(butt-type) CEJ](JFDS-8-175b-g002){#F2}

![Gap-type CEJ](JFDS-8-175b-g003){#F3}

At the apical third of the root, measurements were taken from the surface of cementum to the dentin-cementum junction. These measurements at the apical third of the root were done by making apical third portion of the root into six sections (3 + 3) on both sides of section. The first one-third towards coronal end; the second one-third is between coronal and lower one-third towards the apical end; and the third one-third is the lower most apical portion \[[Figure 4](#F4){ref-type="fig"}\]. The average of all 6 sections was taken as the final reading. The measurements were recorded in μm and further analyzed statistically.

![Diagramatic representation of apical third of the root, showing 6 different areas considered for measuring thickness of the cementum at apical third of root on both sides](JFDS-8-175b-g004){#F4}

Results {#sec1-3}
=======

The overlap or coronal migration of cementum at the CEJ {#sec2-2}
-------------------------------------------------------

The average of the measurements obtained in case of erupted and impacted teeth were statistically analyzed using the Pearson product-moment correlation coefficient (PPMCC). The minimum and maximum measurements, their means in μm, and the standard deviation (SD) of the four study groups are given in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. In the case of the impacted teeth, a significant linear correlation exists between coronal migration of cementum at the CEJ and age \[[Table 3](#T3){ref-type="table"}\]. Where as in the case of the erupted teeth, there is no statistical significance between coronal migration of the cementum at the CEJ with that of age \[[Table 4](#T4){ref-type="table"}\].

###### 

Measurements of coronal displacement of cementum at CEJ and Thickness of cementum at apical third of the root in impacted teeth

![](JFDS-8-175b-g005)

###### 

Measurements of Coronal displacement of cementum at CEJ and thickness of cementum at apical third of the root in erupted teeth

![](JFDS-8-175b-g006)

###### 

Significant correlation between coronal displacement, thickness of cementum, and age in impacted teeth

![](JFDS-8-175b-g007)

###### 

Significant correlation between coronal displacement and thickness of the cementum and age in erupted teeth

![](JFDS-8-175b-g008)

Thickness of cementum at apical third of the root {#sec2-3}
-------------------------------------------------

At the apical third of the root, measurements were taken from the surface of cementum to the dentin-cementum junction, considering the apical third of the root into six sections (3 + 3) on both sides of section. The averages of all the six sections were taken for both the erupted and impacted teeth and was statistically analyzed using the PPMCC.

The minimum and maximum measurements, their means in μm, and the standard deviation (SD) of the four study groups are given in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. The PPMCC showed a significant correlation between the thickness of the cementum at apical third of the root and age for both erupted and impacted teeth \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\].

The mean ages of four study groups the impacted and erupted teeth are given in Tables [5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}.

###### 

The mean age of four study groups for impacted teeth
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###### 

The mean age of four study groups for erupted teeth

![](JFDS-8-175b-g010)

Discussion {#sec1-4}
==========

Age estimation in the forensic context is necessary for identification of both living and dead. In dead, it principally aids in identification of missing persons. In living, age estimation in children is important to solve judicial or civil problems concerned with age. In adults, it is helpful in solving civil issues. One should always remind that, whatever the case is, the role of forensic anthropologist or odontologist is to give the best estimate of biological age.\[[@ref11]\]

Human age estimation is a procedure adopted by anthropologist, archaeologists, and forensic experts. There is no medical test or a group of tests that absolutely and accurately exacts the chronological age of a human being above 25 years.\[[@ref12]\] Teeth in many ways form a unique part of human body as they are most durable and resilient part of the skeleton.\[[@ref2]\]

During the lifetime of an individual, the tooth as a unit is not static. Teeth constantly undergo changes either due to aging or due to environmental factors. These factors aid in appreciable changes such as attrition, periodontal disease, deposition of secondary dentin, root translucency, cementum apposition, root resorption, color changes, and an increase in root roughness. By considering these secondary changes to age, various studies were done to estimate age of an individual.\[[@ref13]\]

There are three types of CEJ in which the cementum overlapping enamel is seen in 60-65% cases.\[[@ref9]\] In the present study there is a significant increase in the coronal displacement of the cementum at the CEJ in impacted teeth \[[Graph 1](#G1){ref-type="fig"}\], which proves that cementum apposition is attributed to continually eruptive forces acting on the impacted teeth or phenomenon is a natural defense mechanism of the tooth.\[[@ref14]\] Whereas in case of erupted teeth there is no significant correlation exists \[[Graph 2](#G2){ref-type="fig"}\], as these teeth are exposed to the oral environment and hence are affected by both environmental and aging factors. The study conducted by Bocutoglu *et al*. in 1997 on impacted and erupted canines showed similar results. The study done by Balwant Rai *et al*. in 2006 on impacted and erupted third molars also interpreted same results. Similar results were also seen in a study done by Aparna Thombre Sharma *et al*. in 2010.\[[@ref14][@ref15][@ref16]\]

![Coronal displacement and thickness of the cementum in impacted teeth measured in μm is plotted against age which showed a linear correlation](JFDS-8-175b-g011){#G1}

![Coronal displacement of cementum at the CEJ and thickness of the cementum in erupted teeth measured in μm are plotted against age, showed significant linear correlation only with thickness of the cementum](JFDS-8-175b-g012){#G2}

Cementum in humans increases in thickness with age, and new layers are deposited on the outside of the dentin throughout the life of the individual. Cementum usually does not the undergo wear and tear phenomenon, unlike enamel and dentin. However it maintains healthy periodontium by its continuous apposition.\[[@ref17]\] Cementum is not uniform all through the length of the root; it is thinner at the cervical third and thicker at the apical third. The thickness of cementum ranges from 50 μm-150 μm.\[[@ref9]\] Cementum is formed as a result of a continuous process throughout life and it has been shown to triple in thickness between ages 20 and 60 years.\[[@ref17]\] In the present study, the thickness of cementum at the apical third of the root showed significant increase with age in both the erupted and impacted teeth \[Graph 1\] and \[Graph 2\]. Zander and Hürzeler stated that the cementum was potentially a better age-estimating tissue due to its unique location in the alveolar process.\[[@ref18]\] Gottlieb suggested that continuous cementum apposition is necessary for maintaining a healthy periodontium. Similar results were seen in the study conducted by Thomas John Stein *et al*. on vital and non-vital teeth.\[[@ref14][@ref19]\]

Conclusion {#sec1-5}
==========

The problem with using "age" in a system measuring maturity and, therefore, biological age (sexual, dental, or skeletal) does not always correspond to chronological age (legal). None of the modern techniques are both easy and practical to use, as most of them result in a slight over- or underestimation, depending on the applied method, the range of human variation between sex and population, and discrepancies between biological and legal age.\[[@ref20]\]

The present study states that there is a potential for cementum to recover around the CEJ. Cementum apposes continuously; if contributing conditions could be avoided for a reasonable period of time, this property of cementum apposition aids as an adjunct to biological age estimation, which may serve to be significant tool in forensic investigations. A large number of samples is required to know the sensitivity and specificity of this technique for the estimation of biological age and its practical implication in biological age estimation.\[[@ref14][@ref16]\]

However, it is generally agreed that age assessment is more accurate when derived from multiple indicators (physical, skeletal and dental maturity). In addition, the developmental differences associated with various ethnic groups must also be considered.\[[@ref21][@ref22]\]
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